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(54) METHOD OF DETERMINING AN ANALYTE CONCENTRATION

(57) A method of determining an analyte concentra-
tion in a sample by a sensor is disclosed. The method
comprises analyzing a sample signal generated by the
sensor for an analyte being measured. If the sample sig-
nal is normal, the method comprises comparing the sam-
ple signal with a first reference signal of a reference so-
lution measured prior to measuring the sample in order
to determine the analyte concentration. If the sample sig-

nal is abnormal, the method comprises comparing the
sample signal with a calculated reference signal point
obtained by interpolation between the first reference sig-
nal and a second reference signal of the same reference
solution measured after measuring the sample. Various
methods of determining and handling errors based on
signal patterns are also disclosed.
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Description

TECHNICAL FIELD

[0001] This disclosure relates to a more accurate meth-
od of measuring an analyte concentration in a sample by
a sensor.

BACKGROUND

[0002] In medicine, doctor’s diagnosis and patient
treatment often relies on the measurement of the con-
centration of analytes or other parameters in a patient
sample. This measurement is typically carried out by in-
vitro diagnostic instruments that can be configured to an-
alyze certain types of samples and detect certain types
of analytes using various detecting technologies. As the
life of patients may depend on the precision and the re-
liability of such measurements it is important that the in-
struments perform correctly.
[0003] It is a general requirement for in-vitro diagnostic
systems to implement a set of Quality Control (QC) pro-
cedures to check that the instruments are working cor-
rectly.
[0004] One of these procedures is calibration. In most
cases calibration is performed using standard solutions,
with known concentrations. In this way it is possible to
correlate a measured signal to a quantitative result. Cal-
ibration should be performed more or less frequently de-
pending on the system and other variable factors which
may affect performance.
[0005] In addition, between consecutive calibrations,
one or more reference samples, also called QC samples,
with known values of the analytes or parameters of in-
terest are typically also measured, in the same way as
test samples are measured, in order to further check that
the calibrated instrument is actually within the specifica-
tions or admissible range.
[0006] However, even after correct calibration and val-
idation with QC samples, detectors and sensors used to
measure analyte concentrations can be subject to inter-
ferences, e.g. due to presence and/or high concentration
of interfering substances in a particular test sample, and
can be subject to temporary signal instability . In partic-
ular, some sensors may experience a signal drift that in
some cases may remain unnoticed. This can lead to
measurement errors.
[0007] Also, it is possible that signal drift occurs during
calibration or measurement of QC samples.
[0008] In most cases an error occurred during calibra-
tion or a quality control is reported as a calibration failure
or as a QC failure. Even in such cases, however it is not
always clear what the cause of the failure is. The failure
may be due to a malfunctioning sensor but could be also
due to other malfunctioning parts or interferences within
the instrument, e.g. presence of air bubbles, clogging,
contamination or mechanical failures.
[0009] If the cause cannot be determined, this may

lead to wrong assumptions and false decisions when try-
ing to resolve the issue. For example a user may decide
to replace a sensor whereas the cause of the error is to
be found in another part of the instrument, thus resulting
in increased costs and instrument down times.
[0010] In light of the foregoing, a new method is here
introduced that enables to greatly reduce measurement
errors. This is achieved by analyzing the sample signal
and, based on the signal pattern, applying corrective
measures, as claimed in claim 1, therefore increasing
accuracy and reliability in determining concentrations of
analytes in a sample.
[0011] Another advantage of this new method is that
it enables to discriminate sensor errors from other types
of errors and to trigger additional actions that facilitate
troubleshooting, reduce maintenance and service costs,
accelerate complain handling and minimize instrument
down times.

GENERAL DESCRIPTION

[0012] A method of determining an analyte concentra-
tion in a sample by a sensor is disclosed. The method
comprises analyzing a sample signal generated by the
sensor for an analyte being measured. If the sample sig-
nal is normal, the method comprises comparing the sam-
ple signal with a first reference signal of a reference so-
lution measured prior to measuring the sample in order
to determine the analyte concentration. If the sample sig-
nal is abnormal, the method comprises comparing the
sample signal with a calculated reference signal point
obtained by interpolation between the first reference sig-
nal and a second reference signal of the same reference
solution measured after measuring the sample.
[0013] So the term "sample" is herein generally used
to indicate either a test sample or a QC sample or a cal-
ibrator.
[0014] The term "test sample" refers to a biological ma-
terial suspected of containing one or more analytes of
interest and whose detection, qualitative and/or quanti-
tative, may be associated to a clinical condition. The test
sample can be derived from any biological source, such
as a physiological fluid, including blood, saliva, ocular
lens fluid, cerebral spinal fluid, sweat, urine, milk, ascites
fluid, mucous, synovial fluid, peritoneal fluid, amniotic flu-
id, tissue, cells or the like. The test sample can be pre-
treated prior to use, such as preparing plasma from blood,
diluting viscous fluids, lysis or the like; methods of treat-
ment can involve filtration, centrifugation, distillation,
concentration, inactivation of interfering components,
and the addition of reagents. A test sample may be used
directly as obtained from the source in some cases or
following a pretreatment and/or sample preparation
workflow to modify the character of the sample, e.g. after
adding an internal standard, after being diluted with an-
other solution or after having being mixed with reagents
e.g. to enable carrying out one or more in vitro diagnostic
tests, or for enriching (extracting/separating/concentrat-

1 2 



EP 3 373 004 A1

3

5

10

15

20

25

30

35

40

45

50

55

ing) analytes of interest and/or for removing matrix com-
ponents potentially interfering with the detection of the
analyte(s) of interest.
[0015] According to an embodiment, the test sample
is blood or a blood derivative such as plasma or serum.
According to certain embodiments, analytes of interest
are gases, such as O2 and CO2, blood electrolytes such
as Sodium (Na+), Potassium (K+), Chloride (Cl-), Calcium
(Ca++), protons (H+) in relation to pH, metabolites such
as Glucose and Lactate, drugs of abuse, therapeutic
drugs, hormones, markers, proteins and the like. Other
analytes of interest are hemoglobin, hemoglobin deriva-
tives such as Deoxygenated hemoglobin, Oxyhemoglob-
in, Carboxyhemoglobin, Methemoglobin, and bilirubin.
According to an embodiment a parameter of interest is
hematocrit. The list is however not exhaustive.
[0016] The term "QC sample" refers to a reference
sample, that mimics a test sample, and that contains
known values of one or more QC substances. Typically,
QC samples are supplied in one or more levels, e.g. two
or three levels that correspond to different concentration
ranges of the QC substances. QC samples are typically
measured in the same way and under the same condi-
tions as test samples are measured, in order to check
that a calibrated sensor is actually within the specifica-
tions or admissible range.
[0017] A "QC substance" can be an analyte identical
to an analyte of interest, the concentration of which is
known, or that generates by reaction an analyte identical
to an analyte of interest, the concentration of which is
known, e.g. CO2 from bicarbonate, or it can be any other
equivalent substance of known concentration, which
mimics the analyte of interest or that can be otherwise
correlated to a certain parameter of interest, e.g. a dye
that behaves optically similar to hemoglobin or bilirubin.
[0018] A "calibrator" is a calibration solution that con-
tains known values of one or more calibration materials
used for calibration and that is measured under the same
conditions as a sample. In particular, a calibrator can be
measured like a test sample or a QC sample between a
first reference solution measurement and a second ref-
erence solution measurement. Typically, one or two cal-
ibrators are used for a one-point or two-point calibration
respectively, when the sensor responds linearly to ana-
lyte concentrations. Three or more calibrators may be
used if the calibration curve is non-linear. In particular,
also calibrators can be provided in different levels that
correspond to different concentration ranges of the QC
materials.
[0019] A calibration material can be the same as a QC
substance.
[0020] A "reference solution" is a standard solution
such as a calibrator, with known analyte concentration,
that may be used for calibration, and that is routinely used
for obtaining a reference measurement before and after
a sample measurement.
[0021] According to an embodiment the reference so-
lution is a standby solution. A "standby solution" is a so-

lution that is used to rinse the sensor after a sample meas-
urement and is kept in contact with the sensor until it is
replaced by another sample.
[0022] The term "sensor" is herein generically used to
indicate a detector configured to respond to changes of
analyte concentration in a sample and generate a corre-
lated signal output that can be quantified and digitized.
The sensor can be a biosensor, a chemical sensor or a
physical sensor. Also, the sensor can be selective or even
specific with respect to one analyte of interest in a sample
or can be configured to detect and quantify a plurality of
different analytes of interest.
[0023] The sensor is typically part of a larger in-vitro
diagnostic system. An "in-vitro diagnostic system" is a
laboratory automated or semi-automated system dedi-
cated to the analysis of samples for in vitro diagnostics.
The in-vitro diagnostic system may have different con-
figurations according to the need and/or according to the
desired laboratory workflow. The in-vitro diagnostic sys-
tem can comprise one or more analytical instruments,
comprising at least one detector or sensor, designed to
execute respective workflows that are optimized for one
or more certain types of analysis, and to detect certain
types of parameters, e.g. gases, electrolytes, metabo-
lites, clinical chemistry analytes, immunochemistry ana-
lytes, coagulation parameters, hematology parameters,
etc. Thus the in-vitro diagnostic system may comprise
one analytical instrument or a combination of any of such
analytical instruments with respective workflows and re-
spective detectors, where pre-analytical and/or post an-
alytical modules may be coupled to individual analytical
instruments or be shared by a plurality of analytical in-
struments. In alternative pre-analytical and/or post-ana-
lytical functions may be performed by units integrated in
an analytical instrument. The in-vitro diagnostic system
can comprise functional units such as liquid handling
units for pipetting and/or pumping and/or mixing of sam-
ples and/or reagents and/or system fluids, and also func-
tional units for sorting, storing, transporting, identifying,
separating, detecting.
[0024] According to an embodiment the in-vitro diag-
nostic system comprises an analytical instrument with at
least one sensor.
[0025] According to an embodiment, the sensor may
comprise a plurality of sensor zones, e.g. arranged in a
flow-through sensoric path, each sensor zone being con-
figured to be specific or selective with respect to one an-
alyte of interest.
[0026] According to an embodiment, the sensor is con-
figured for detecting and quantifying any one or more of
a gas, an electrolyte, a metabolite.
[0027] According to certain embodiments, the sensor
is based on the potentiometric, amperometric, conduc-
tometric, or optical measurement principle.
[0028] According to an embodiment, the sensor is an
ion-selective electrode (ISE) sensor and the sample sig-
nal is a potentiometric signal.
[0029] According to an embodiment, the analyte is any
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of a proton, chloride ion, sodium ion, potassium ion, cal-
cium ion.
[0030] According to certain embodiments the sensor
is a pH sensor or an ISE sensor for determining electro-
lyte values such as Na+, K+, Ca2+ and Cl-.
[0031] A pH sensor typically comprises a pH-sensitive
membrane. Depending on the pH value of the test sam-
ple, electric potential is generated at the boundary layer
between the membrane and the sample. This potential
can be measured potentiometrically by a reference sen-
sor.
[0032] Also Na+, K+, Ca2+ and Cl- ISE sensors typi-
cally work according to the potentiometric measuring
principle. They differ only by different membrane mate-
rials that enable sensitivity for the respective electrolytes.
[0033] A "sample signal" is the signal output generated
by the sensor when measuring an analyte concentration
in a test sample, QC sample or calibrator.
[0034] A "reference signal" is the signal output gener-
ated by the sensor when measuring a reference solution
and in particular an analyte concentration in the reference
solution before and/or after measuring a sample.
[0035] A signal may be a continuous signal over a pe-
riod of time or it may refer to a single measurement point
or a plurality of discrete measurement points over time,
to form a signal pattern.
[0036] A "signal pattern" refers to the signal behavior
over time either with respect to a continuous signal or to
a plurality of measurement points over time.
[0037] A signal or signal pattern, i.e. either a sample
signal or reference signal, is "normal" if the signal remains
within an expected or predefined range and/or if it follows
an expected trend over a limited measurement time.
[0038] A signal or signal pattern, i.e. either a sample
signal or reference signal, is "abnormal" whenever it de-
viates from normal behavior and in particular if it falls at
least in part out of the expected or pre-defined range
and/or if it shows a significant signal drift, i.e. if the signal
drifts beyond a predefined threshold, over a limited meas-
urement time.
[0039] The limited measurement time can be any pre-
defined time, but typically less than a minute, e.g. about
30 seconds.
[0040] According to an embodiment, a signal or signal
pattern, i.e. either a sample signal or reference signal, is
normal if the normalized measurement points of the sig-
nal are of the same sign and it is abnormal if the normal-
ized measurement points of the signal have at least in
part opposite sign.
[0041] If the sample signal is normal, the method com-
prises comparing the sample signal with a first reference
signal of a reference solution measured prior to measur-
ing the sample in order to determine the analyte concen-
tration. More specifically, the method comprises compar-
ing at least one measurement point of the sample signal
with at least one measurement point of a first reference
signal of a reference solution measured prior to measur-
ing the sample. This corresponds to one-point calibration

with the reference solution being measured before meas-
uring the sample in order to generate a first reference
signal and calculate the analyte concentration in the sam-
ple.
[0042] According to an embodiment, the first reference
signal is the last available measurement point or a pro-
jected (extrapolated) measurement point of the meas-
ured reference solution. The at least one measurement
point of the first reference signal may be however another
measurement point such as one of the last few meas-
urement points, a minimum point or a maximum point or
an average of a plurality of measurement points meas-
ured over time.
[0043] If the sample signal is abnormal, the method
comprises comparing the sample signal with a calculated
reference signal point obtained by interpolation between
the first reference signal and a second reference signal
of the same reference solution measured after measuring
the sample. More specifically, the method comprises
comparing at least one measurement point of the sample
signal with a calculated reference signal point obtained
by interpolation between the at least one measurement
point of the first reference signal and at least one meas-
urement point of a second reference signal of the same
reference solution measured after measuring the sam-
ple. This means measuring the same reference solution
before and after measuring the sample in order to gen-
erate a first reference signal and a second reference sig-
nal respectively, both of which are taken into account for
calculating the analyte concentration. This is because
the second reference signal can be different from the first
reference signal, especially if a signal drift occurs during
sample measurement, and taking only the first reference
signal or only the second reference signal into account
is less accurate. This corresponds to one-point calibra-
tion, however with respect to a calculated (interpolated)
reference value by measuring the same reference solu-
tion before and after measuring a sample.
[0044] It can be advantageous to use a standby solu-
tion as the reference solution to be measured before and
after sample measurement as the standby solution can
be used to rinse the sensor and contact the sensor be-
tween different samples and its signal can be therefore
detected in proximity of each sample measurement, in-
cluding before and after each sample measurement.
[0045] According to one embodiment the at least one
measurement point of the second reference signal is the
first available measurement point of the second refer-
ence signal. The at least one measurement point of the
second reference signal may be however another meas-
urement point such as one of the first few measurement
points, a minimum point or a maximum point or an aver-
age of a plurality of measurement points.
[0046] According to one embodiment the at least one
measurement point of the sample signal is the last avail-
able measurement point of the sample signal or a pro-
jected (extrapolated) point of the sample signal. The at
least one measurement point of the sample signal may
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be however another measurement point such as one of
the last few measurement points, a minimum point or a
maximum point or an average of a plurality of measure-
ment points.
[0047] According to one embodiment, if the sample sig-
nal is abnormal, the method comprises flagging the sam-
ple measurement and/or indicating that the analyte con-
centration is an interpolated analyte concentration.
[0048] According to one embodiment, if the sample sig-
nal is repeatedly abnormal for consecutive sample meas-
urements, e.g. for a predetermined number of times,
where the sample can be the same sample or different
samples, the method comprises indicating a sensor error.
[0049] According to one embodiment where the sam-
ple is a QC sample and the sample signal, the first ref-
erence signal and the second reference signal are normal
and a QC failure occurs, the method comprises repeating
measurement of the QC sample and/or indicating an er-
ror other than a sensor error.
[0050] According to one embodiment where the sam-
ple is a QC sample and any one or more of the sample
signal, the first reference signal and the second reference
signal are abnormal and a QC failure occurs a pre-de-
fined number of times, the method comprises indicating
a sensor error. The method may include attempting to
resolve the cause of the sensor error before indicating a
sensor error.
[0051] According to one embodiment where the sam-
ple is a calibrator and the sample signal, the first refer-
ence signal and the second reference signal are normal
and a calibration failure occurs, the method comprises
repeating measurement of the calibrator and/or indicat-
ing an error other than a sensor error.
[0052] According to one embodiment where the sam-
ple is a calibrator and where any one or more of the sam-
ple signal, the first reference signal and the second ref-
erence signal are abnormal and a calibration failure oc-
curs a pre-defined number of times, the method compris-
es indicating a sensor error. The method may include
attempting to resolve the cause of the sensor error before
indicating a sensor error.
[0053] According to one embodiment, the method
comprises saving, at least temporarily, any signal and/or
any error in a database and/or trouble shooting report of
an analytical instrument.
[0054] According to one embodiment, the method
comprises transmitting and collecting any signal and/or
any error from one or more local analytical instruments
to a remote server or cloud for monitoring instrument
and/or sensor performance, and/or for analyzing data to
improve instrument and/or sensor performance and/or
for facilitating service or trouble shooting and/or for re-
motely triggering corrective actions or other types of ac-
tions.
[0055] Other and further objects, features and advan-
tages will appear from the following description of exem-
plary embodiments and accompanying drawings, which
serve to explain the principles more in detail.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056]

FIG. 1 shows an example of analytical instrument
and sensor comprised therein.

FIG. 2 generally depicts a method of determining an
analyte concentration in a sample by a sensor.

FIG. 3 schematically shows three examples of sam-
ple signal.

FIG. 4 depicts a method of determining an analyte
concentration when the sample signal is normal.

FIG. 5 depicts a method of determining an analyte
concentration when the sample signal is abnormal.

FIG. 6 depicts a method of determining an error.

FIG. 7 depicts another method of determining an er-
ror.

FIG. 8 depicts another method of determining an er-
ror.

FIG. 9 depicts a method of handling signals and er-
rors.

DETAILED DESCRIPTION

[0057] FIG. 1 shows schematically an example of an
analytical instrument 100. The analytical instrument 100
comprises a first detector 40 and a second detector 50
for detecting respective parameters of a test sample 1.
[0058] The first detector 40 comprises an optical unit
41 and in particular an oximetry unit for photometrically
detecting any one or more of hemoglobin, including de-
rivatives of hemoglobin, and bilirubin. In particular, the
oximetry unit 41 comprises a light source 42, an optical
sensor 43 such as a photodiode array, a sample cuvette
44 arranged between the light source 42 and the optical
sensor 43 and optical elements such as lenses and a
polychromator (not shown), for guiding light from the light
source 42 to a test sample 1 in the cuvette 44 and from
the test sample 1 to the optical sensor 43 for measuring
an absorbance spectrum.
[0059] The second detector 50 is embodied as a plug-
in cartridge comprising a flow-through sensoric path 51,
comprising a gas sensoric zone 52 comprising a PO2
sensor, a PCO2 sensor and a pH sensor, a metabolite
sensoric zone 53, comprising a glucose sensor and a
lactate sensor, and an electrolyte sensoric zone 54, com-
prising ISE sensors for detecting respectively Na+, K+,
Ca2+, and Cl-.
[0060] The analytical instrument 100 further comprises
fluidic lines 60, a fluid injector 61, valves 62 and pumps
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63 for moving fluids through the fluidic lines 60 and in
particular in and out of the cuvette 44 of the first detector
40 and/or through the sensoric path 51 of the second
detector 50, where respective analytes can be deter-
mined.
[0061] The analytical instrument 100 further comprises
a fluid package 70 comprising fluid reservoirs, including
a reference solution (REF), a first calibrator (Cal 1), a
second calibrator (Cal 2), a standby solution (STDBY),
a wetting fluid (WET) and two waste containers (W). The
wetting fluid (WET) is used every time a new cartridge
50 is plugged for conditioning the new cartridge 50.
[0062] The Na+, K+, Ca2+, Cl-, pH and CO2 parame-
ters are calibrated using the STDBY and Cal 2 solutions,
which contain a defined quantity of electrolytes and acidic
or alkaline components of a pH buffer system. By ensur-
ing airtight access to the calibration solutions, the CO2
content can be kept steady and then used as a basis for
calibration.
[0063] The CAL 2 solution contains a very low concen-
tration of oxygen and thus is used to calibrate the low
calibration point in a two-point calibration. The high cal-
ibration point is calibrated using the standby solution. The
oxygen concentration of the standby solution corre-
sponds to that of the ambient air.
[0064] For the glucose/lactate sensors, due to the non-
linear nature of the calibration curve, three calibration
points are determined. The STDBY, Cal 1 and Cal 2 so-
lutions are used for this purpose.
[0065] Calibrating the oximetry unit 41 requires wave-
length calibration of the polychromator and layer thick-
ness calibration of the cuvette 44. For this purpose, the
optical unit 41 comprises a second light source (not
shown), which is a neon lamp. The neon lamp is a gas
discharge light, which emits only certain defined wave-
lengths. The peaks in the neon emission spectrum are
used to calibrate the wavelength scale. The layer thick-
ness of the cuvette 44 is calibrated using the Cal 2 solu-
tion which contains a dye for this purpose.
[0066] The standby solution STDBY is also used for
rinsing the fluidic lines 60, the flow-through path 51 and
the cuvette 44.
[0067] The analytical instrument 100 further comprises
QC samples 30, supplied in three levels of respective
concentration ranges for each parameter. In particular,
the QC samples 30 comprise QC substances in different
concentrations for different levels, which are required for
performing the QC procedure with respect to both the
first detector 40 and the second detector 50.
[0068] The analytical instrument 100 further comprises
a controller 80 configured to determine an analyte con-
centration, e.g. in a test sample 1 or QC sample 30 or
calibrator e.g. Cal 2. In particular, the controller 80 is con-
figured to analyze a sample signal generated e.g. by any
of the sensors in the second detector 50, e.g. any of the
ISE sensors of the electrolyte sensoric zone 54, for a
respective analyte being measured, and judging if the
sample signal is normal or abnormal. If the sample signal

is normal, the controller 80 is configured to compare the
sample signal with a first reference signal obtained by
measuring the standby solution STDBY as reference so-
lution prior to measuring the sample 1, 30 in order to
determine the analyte concentration. If the sample signal
is abnormal, the controller 80 is configured to compare
the sample signal with a calculated reference signal point
obtained by interpolation between the first reference sig-
nal and a second reference signal of the same standby
solution STDBY measured after measuring the sample
1, 30 or Cal 2.
[0069] In the flow diagram of FIG. 2, a method of de-
termining an analyte concentration in a sample by a sen-
sor is illustrated. The method comprises measuring a
sample and analyzing the sample signal for an analyte
being measured. If the sample signal is normal, the meth-
od comprises comparing the sample signal with a first
reference signal of a reference solution measured prior
to measuring the sample, thus performing a calibration
based on such first reference signal, in order to determine
the analyte concentration. If the sample signal is abnor-
mal, the method comprises calculating a reference signal
point by interpolation between the first reference signal
and a second reference signal of the same reference
solution measured after measuring the sample, and com-
paring the sample signal with the calculated reference
signal point, thus performing a calibration based on such
calculated reference signal point, in order to determine
the analyte concentration.
[0070] FIG. 3 schematically shows three examples of
normalized sample signals generated by an ISE sensor,
although other types of sample signal are also possible
and may be different for different types of sensor. The
sample signals are measured in electrical potential (mV)
versus time in seconds (s). The first sample signal on the
top of FIG. 3 has a typical pattern where the electrical
potential keeps decreasing over time until stabilizing.
This is an example of normal sample signal or signal
pattern N. With respect to the second sample signal in
FIG. 3, the electrical potential tends to slowly increase
again after decreasing, however still remaining negative
over the measurement time, i.e. the normalized meas-
urement points of the sample signal are of the same sign.
This sample signal can be considered still in an accept-
able normal range N’. With respect to the third sample
signal at the bottom of FIG. 3, a clear signal drift can be
observed. In particular, the electrical potential decreases
in a first phase before significantly increasing again and
passing from negative to positive sign, i.e. the normalized
measurement points have in part opposite sign. In this
case the sample signal is abnormal A.
[0071] FIG. 4 shows in more detail a method of deter-
mining an analyte concentration when the sample signal
is normal N. In the graph of FIG. 4, where electrical po-
tential in mV is plotted versus time in seconds (s), a sam-
ple signal N between a first reference signal Ref1 and a
second reference signal Ref2 are shown. The sample
signal N is generated during a measurement time window
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t3. The first reference signal Ref1 and the second refer-
ence signal Ref2 are generated by measuring the same
reference solution before and after measuring the sample
in a time window t1 and t5 respectively. The time window
t2 between t1 and t3 is the time during which the reference
solution is removed from the sensor and it is replaced by
the sample. The time window t4 between t3 and t5 is the
time during which the sample is removed from the sensor
and it is replaced by the reference solution. Advanta-
geously the reference solution is the same standby so-
lution SDTBY that is used also to rinse the sensor and
is kept in contact with the sensor until a sample is intro-
duced.
[0072] In this case, where the sample signal is normal
N, the method comprises comparing the sample signal
N with the first reference signal Ref1 in order to determine
the analyte concentration. In particular, a measurement
point P3 or a projected point P3’ of the sample signal N,
and a measurement point P1 or a projected point P1’ of
the first reference signal Ref1 respectively may be cho-
sen when comparing the sample signal N with the first
reference signal Ref1. In this example, P3 is the last avail-
able measurement point of the sample signal N and P1
is the last available measurement point of the first refer-
ence signal Ref1. The difference Δ1 between P3 and P1
or the difference Δ1’ between P3’ and P1’ may be used
to determine the analyte concentration in the sample,
where Δ1 and Δ1’ provide comparable results. The sec-
ond reference signal Ref2 is not taken into account. It is
noted that whereas the sample signal is normal N, and
despite the same reference solution is measured before
and after measuring the sample the second reference
signal Ref2 can be different from the first reference signal
Ref1 or offset with respect to the first reference signal
Ref1.
[0073] FIG. 5 shows in more detail a method of deter-
mining an analyte concentration when the sample signal
is abnormal A. Analogously to FIG. 4, the sample signal
A is shown between a first reference signal Ref1 and a
second reference signal Ref2, where also in this case
Ref1 and Ref2 are obtained by measuring the same ref-
erence solution, and in particular the same standby so-
lution SDTBY before and after measuring the sample.
The time windows t1-t5 are the same as for FIG. 4. How-
ever, in this case, where the sample signal is abnormal
A, the second reference signal Ref2 is taken into account.
In particular, the method comprises comparing the sam-
ple signal with a calculated reference signal point I1, I1’
obtained by interpolation between the first reference sig-
nal Ref1 and the second reference signal Ref2.
[0074] In this example a projected point P1’, P1" of the
first reference signal Ref1 and a measurement point P2
of the second reference signal Ref2 respectively are cho-
sen for obtaining a calculated reference signal point I1,
I1’ in correspondence to a measurement point P3 or pro-
jected measurement point P3’ of the sample signal A. In
this example, P3 is the last available measurement point
of the sample signal A, P2 is the first measurement point

of the second reference signal Ref2, P1’ is a projected
point of the first reference signal Ref1 in correspondence
to the first measurement point of the sample signal A and
P1" is a projected point of the first reference signal Ref1
in correspondence to the measurement point with mini-
mum value of the sample signal A. The difference Δ2
between P3 and I1 or the difference Δ2’ between P3’ and
I1’ may be used to determine the analyte concentration
in the sample, where Δ2 and Δ2’ provide comparable
results.
[0075] It is noted that both the sample signal pattern A
and the second reference signal Ref2 have an abnormal
pattern meaning that an error may have occurred already
during sample measurement. In this case using both the
first reference signal Ref1 and the second reference sig-
nal Ref2 contributes to compensate for any eventual error
and to determine a more accurate analyte concentration.
[0076] FIG. 6 depicts a method of determining an error.
In particular, if the sample signal pattern is repeatedly
abnormal for consecutive sample measurements, i.e. for
more than a pre-defined number of times n, where n can
be any number including 1, the method comprises indi-
cating a sensor error.
[0077] FIG. 7 depicts another method of determining
an error. In particular, if the sample is a QC sample and
a QC failure occurs despite the signal patterns, including
the sample signal pattern and the reference signal pat-
terns, are normal, the method comprises repeating
measurement of the QC sample and/or indicating an er-
ror other than a sensor error. In particular, the error other
than a sensor error may be indicated after measurement
of the QC sample n times, where n can be any number
including 1, and obtaining a QC failure despite normal
signal patterns. On the other hand, if a QC failure occurs
and in addition any one or more of the signal patterns,
including the sample signal pattern and the reference
signal patterns, are abnormal the method comprises in-
dicating a sensor error, after eventually attempting to re-
solve the cause of the error. In particular, the sensor error
may be indicated after measurement of the QC sample
n times, where n can be any number including 1, and
after failing to fix the error.
[0078] FIG. 8 depicts another method of determining
an error. In particular, if the sample is a calibrator, e.g.
CAL 2, and a calibration failure occurs despite the signal
patterns, including the sample signal pattern and the ref-
erence signal patterns are normal, the method comprises
repeating measurement of the calibrator and/or indicat-
ing an error other than a sensor error. In particular, the
error other than a sensor error may be indicated after
measurement of the calibrator n times, where n can be
any number including 1, and obtaining a calibration fail-
ure despite normal signal patterns. On the other hand, if
a calibration failure occurs and in addition any one or
more of the signal patterns, including the sample signal
pattern and the reference signal patterns, are judged to
be abnormal the method comprises indicating a sensor
error, after eventually attempting to resolve the cause of
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the error. In particular, the sensor error may be indicated
after measurement of the calibrator n times, where n can
be any number including 1, and after failing to fix the error.
[0079] FIG. 9 depicts a method of handling signals and
errors among other possible data. The method comprises
saving, at least temporarily, signal patterns and/or any
error in a database and/or trouble shooting report 90, 90’
of an analytical instrument 100, 100’.
[0080] The method comprises transmitting and collect-
ing any signal and/or any error from one or more local
analytical instruments 100, 100’ to a remote server or
cloud 200 for monitoring instrument and/or sensor per-
formance, and/or for analyzing data to improve instru-
ment and/or sensor performance and/or for facilitating
service or trouble shooting and/or for remotely triggering
corrective actions or other types of actions. Actions may
be triggered also locally at instrument level via commu-
nication between the database 90, 90’ and the controller
80, 80’.
[0081] The remotely collected data may be used for
example for updating the method (algorithm) of deter-
mining analyte concentration, e.g. by adapting the range
or threshold that defines when a signal is normal or ab-
normal, or the requirements for indicating a sensor error,
e.g. by changing the number of times a QC failure and/or
a calibration failure and/or an abnormal signal has to oc-
cur before indicating an error and/or for updating or add-
ing procedures for resolving causes of errors.
[0082] The collected data may be also used for proac-
tive customer service, e.g. to inform a user and provide
a new sensor when a sensor error is recognized and/or
automatically schedule a field service when another mal-
functioning requiring a field service engineer is recog-
nized.
[0083] Also, based on a user behavior, e.g. us-
age/measurement frequency, it is possible to automati-
cally reserve an adequate amount of sensors for each
user, or suggest a more suitable sensor version for each
user, e.g. a sensor optimized for higher throughput but
with shorter lifetime or optimized for longer lifetime but
lower throughput.
[0084] Thus, issue tracking, complaint handling and
customer care in general can be facilitated.
[0085] Modifications and variations of the disclosed
embodiments are certainly possible in light of the above
description. It is therefore to be understood, that within
the scope of the appended claims, the invention may be
practiced otherwise than as specifically devised in the
above examples.

Claims

1. A method of determining an analyte concentration
in a sample by a sensor, the method comprising an-
alyzing a sample signal for an analyte being meas-
ured and
if the sample signal is normal, that is if it remains

within an expected or predefined range and/or if it
follows an expected trend over a predefined meas-
urement time, the method comprises comparing the
sample signal with a first reference signal of a refer-
ence solution measured prior to measuring the sam-
ple in order to determine the analyte concentration,
and if the sample signal is abnormal, that is if it falls
at least in part out of the expected or pre-defined
range and/or if it drifts beyond a predefined threshold
over a predefined measurement time, the method
comprises comparing the sample signal with a cal-
culated reference signal point obtained by interpo-
lation between the first reference signal and a sec-
ond reference signal of the same reference solution
measured after measuring the sample.

2. The method of claim 1 wherein the reference solution
is a standby solution.

3. The method of claim 1 or 2 wherein the first reference
signal is a last available measurement point of the
first reference signal or a projected point of the first
reference signal.

4. The method of any of the claims 1 to 3 wherein the
second reference signal is a first available measure-
ment point of the second reference signal.

5. The method of any of the claims 1 to 4 wherein the
sample signal is a last available measurement point
of the sample signal or a projected point of the sam-
ple signal.

6. The method of any of the preceding claims wherein
the sample signal or reference signals are normal if
the normalized measurement points of the sample
signal or reference signals respectively are of the
same sign and wherein the sample signal or refer-
ence signals are abnormal if the normalized meas-
urement points of the sample signal or reference sig-
nals respectively have at least in part opposite sign.

7. The method of any of the preceding claims wherein
the sensor is an ion-selective electrode sensor and
the sample signal is a potentiometric signal.

8. The method of any of the preceding claims wherein
the analyte is any of a proton, chloride, sodium ion,
potassium ion, calcium ion.

9. The method of any of the preceding claims wherein
if the sample signal is repeatedly abnormal for con-
secutive sample measurements, the method com-
prises indicating a sensor error.

10. The method of any of the preceding claims wherein
the sample is a QC sample and wherein if the sample
signal, the first reference signal and the second ref-
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erence signal are normal and a QC failure occurs,
the method comprises repeating measurement of
the QC sample and/or indicating an error other than
a sensor error.

11. The method of claim 10 wherein if any one or more
of the sample signal, the first reference signal and
the second reference signal are abnormal and a QC
failure occurs a pre-defined number of times, the
method comprises indicating a sensor error.

12. The method of any of the preceding claims wherein
the sample is a calibrator and wherein if the sample
signal, the first reference signal and the second ref-
erence signal are normal and a calibration failure
occurs, the method comprises repeating measure-
ment of the calibrator and/or indicating an error other
than a sensor error.

13. The method of claim 12 wherein if any one or more
of the sample signal, the first reference signal and
the second reference signal are abnormal and a cal-
ibration failure occurs a pre-defined number of times,
the method comprises indicating a sensor error.

14. The method of any of the preceding claims compris-
ing saving any signal and/or any error in a database
and/or trouble shooting report of an analytical instru-
ment.

15. The method of any of the preceding claims compris-
ing transmitting and collecting any signal and/or any
error from one or more local analytical instruments
to a remote server or cloud for monitoring instrument
and/or sensor performance, and/or for analyzing da-
ta to improve instrument and/or sensor performance
and/or for facilitating service or trouble shooting
and/or for remotely triggering corrective actions or
other types of actions.
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